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ABSTRACT 


At  the  Bessey  Nursery,  Halsey,  Nebraska,  three  plots  (3  x  15  m)  were  covered 
with  0.02  mm  clear  polyethylene  tarp  for  solar  heating  for  eight  weeks  (June  21 
to  August  17)  In  summer  1983,  and  three  plots  were  left  fallow  as  checks.  In 
spring  1984,  three  plots  were  fumigated  with  methyl  bromlde/chloroplcrln  prior 
to  planting  all  plots  with  lodgepole  pine  seed.  Soil  samples  were  taken  before 
and  after  soil  treatments.  Populations  of  Pythlum  spp.  were  significantly 
reduced  by  solar  heating,  but  returned  to  high  levels  by  spring,  probably  due 
to  the  effects  of  the  sudangrass  winter  cover  crop.  Fumigation  was  less 
effective  than  solar  heating  In  reducing  populations  of  Pythlum  spp.  In  samples 
taken  Immediately  after  treatment.  Reductions  In  populations  of  Fusarlum  spp. 
by  solar  heating  were  not  statistically  significant,  and  In  samples  taken 
Immediately  after  treatment,  reductions  due  to  fumigation  were  similar  to  those 
due  to  solar  heating.  Population  levels  of  plant-parasitic  nematodes  were  low 
throughout  the  study,  and  reductions  were  due  to  solar  heating  combined  with 
the  bare-ground  conditions.  In  samples  taken  Immediately  after  treatment, 
fumigation  was  less  effective  than  solar  heating  In  reducing  nematode 
populations;  fumigated  plots  were  under  cover  crcp  the  entire  summer  and  winter 
before  fumigation.  Weed  populations  were  significantly  reduced  by  solar 
heating,  but  returned  to  pre-treatment  levels  by  the  following  spring.  In 
samples  taken  Immediately  after  treatment,  solar  heating  was  as  effective  as 
fumigation  for  weed  control.  No  significant  effects  on  lodgepole  pine  seedling 
survival  resulted  from  any  of  the  treatments.  The  winter  cover  crop  grew  more 
lush  and  darker  green  In  solar  plot  locations  than  In  the  surrounding  check 
area.  Seasonal  effects  on  soil  chemistry  were  greater  than  solar  heating 
effects. 


INTRODUCTION 

\ 


Weeds  and  plant  pathogens  such  as  nematodes  and  soil-borne  fungi  often  cause 
significant  seedling  losses  In  forest  tree  nurseries.  Chemical  fumigation  of 
the  soil  Is  the  best  control  method  at  present  because  fungal  pathogens  and 
weeds  are  greatly  reduced  In  a  single  application  (Glllman,  1977).  Although 
soil  fumigation  In  forest  nurseries  Is  cost  effective  (Landis  fi±Al.»  1976), 
populations  of  desirable  mlcrorganlsms  such  as  mycorrhlzal  fungi  are  signifi¬ 
cantly  reduced  (Munnecke  and  Van  Gundy,  1979).  In  addition,  fumigation 
chemicals  are  hazardous,  requiring  special  handling  and  disposal  procedures. 

A  less  expensive  and  less  hazardous  method  for  control  of  soil-borne  pests  Is 
solar  heating.  Solar  heating  of  soil  (also  referred  to  as  solarlzatlon  or 
solar  pasteurization)  Is  a  recently  developed  technique  In  which  moist  soil  Is 
covered  with  clear  polyethylene  tarp  for  several  weeks  during  the  hottest  part 
of  the  growing  season  for  control  of  soil-borne  pathogens  and  weeds  (Katan 
Al.,  1976). 

In  some  locations,  the  polyethylene  tarp  allows  solar  radiation  to  Increase 
soil  temperatures  to  over  40°C  at  30  cm  depth  (Pullman  a1.  >  1981b), 
chiefly  by  eliminating  evaporation  and  partly  by  the  greenhouse  effect  (Mahrer, 

1979) .  Continuous  or  repeated  sub-lethal  temperatures  under  moist  conditions 
over  long  periods  either  kill  pathogenic  fungi  directly  or  weaken  them  so  they 
cannot  compete  effectively  with  saprophytes.  In  laboratory  tests^  90%  of  the 
propagules  of  Verticil!  lum  ,dA.hJj£Le  Kleb.  died  after  2  hours  at  450CQor  after 

7  days  at  38.5°C  In  natural  field  soil,  while  In  pure  culture  at  45  C,  7 
hours  were  required  for  90%  mortality  (Pullman  £i  a1. ,  1981a).  Apparently, 
plant  pathogens  are  more  sensitive  to  elevated  temperatures  than  are 
saprophytes.  Mycorrhizel  fungi  such  as  GJ.pjnui>  JAS£j£lLlAJtuA  (Thaxter)  Gerd.  & 
Trappe  can  survive  solar  heating  and  colonize  crop  roots  (Pullman  et  al . , 
1981b).  Solar  heating  of  soil  alters  the  balance  of  microorganisms  to  the 
detriment  of  plant  pathogens,  and  thus  solar  pasteurization  can  be  considered 
an  Integrated  pest  management  technique  (Katan,  1980).  Solar  heating  has  been 
effective  against  a  variety  of  weeds  and  soil-borne  pathogens,  especially  for 
agricultural  crops  In  Israel  and  California.  (Grlnsteln  Al .,  1979; 

Solarlzatlon  Research  Team,  1981,  Jacobsohn  sli]  ,,  1980;  Horowitz  g±  Al. » 

1983,  Pullman  aJ.*  1981b;  Ashworth  and  Gaona,  1982).  Studies  also  showed 
that  disease  reduction  was  still  evident  the  second  growing  season  after  solar 
heating  (Katan  £±.a1.»  1981;  Pullman  £±  Al . ,  1981b). 

Solar  heating  may  affect  soil  chemistry.  For  example.  Increases  In  nitrate  and 
ammonium  nitrogen,  potassium,  calcium,  magnesium,  chloride,  and  phosphate  in 
the  soil  solution  have  been  reported  (Stapleton  Al. #  1983;  Chen  and  Katan, 

1980) .  Disease  reduction  and  Increase  In  soluble  minerals  may  contribute  to 
the  Increased  growth  response  observed  In  crops  grown  In  solar  heated  soil. 

Solar  heating  of  soil  In  conifer  nurseries  has  been  evaluated  recently  In  a  few 
areas  of  the  United  States.  Results  at  the  Iowa  State  Nursery,  Ames,  (Croghan 
Al  •  t  1984)  Indicated  reductions  In  populations  of  weeds  and  saprophytic 
nematodes  from  solar  heating,  but  no  significant  decreases  In  populations  of 
Fusarlum  spp.  In  trials  at  the  Bend  Nursery  In  eastern  Oregon,  Cooley  (1983) 
found  that  populations  of  Fusarlum  spp.  were  significantly  reduced  by  solar 
heating,  but  tree  seedling  survival  after  10  weeks  was  similar  In  check  and 
solar  heated  plots.  Results  at  the  J.  Herbert  Stone  Nursery,  Medford,  Oregon 
(Cooley,  1985)  indicated  significant  reductions  In  populations  of  fiiSAXJjJJli  spp. 


due  to  solar  heating*  but  again  seedling  survival  was  not  Improved.  Zarnstorff 
(1983)  In  Wisconsin  found  no  significant  reductions  In  populations  of  E. 

icbJeci.  *RL1Z£ct£jiJii  spJani  Kuehn,  or  CyJ Jrdr££.UdJiJm  .f-lfir.ldamm 
Sobers  &  Seymour  after  solar  heating.  McCain,  _&]_.»  (1982)  found  that  f. 
oxysporum  was  eliminated  In  soil  to  10  cm  depth  and  reduced  In  soil  between  10 
and  20  cm,  while  MacX££li£ja1lLa  phased  Ina  (Tassl)  Gold,  survived  at  all  depths 
after  solar  heating  In  a  northern  California  nursery  near  Placervllle.  At  the 
Colorado  State  Forest  Service  Nursery,  Fort  Collins,  solar  heating  resulted  In 
significant  reductions  In  population  of  weeds  and  species  of  Fusarlum  and 
Pythlum  (Hildebrand,  1984). 

This  evaluation  was  undertaken  (1)  to  assess  the  effectiveness  of  solar  heating 
In  reducing  population  levels  of  plant-parasitic  nematodes,  weeds,  and  species 
of  EytJdjjjp  and  Fusarlum,  (2)  to  determine  whether  solar  heating  affects  soil 
chemistry,  and  (3)  to  compare  lodgepole  pine  seedling  survival  In  check,  solar 
heated,  and  fumigated  plots  at  the  U.  S.  Forest  Service  Bessey  Tree  Nursery, 
Nebraska. 


MATERIALS  AND  METHODS 


The  Bessey  Nursery  Is  located  3  km  west  of  Halsey,  Thomas  County,  Nebraska  at 
838  m  elevation.  The  soil  In  the  study  area  is  Meadln  loamy  sand  of  the  Dunday 
Loup  Association  In  the  Middle  Loup  River  Valley  (Sherfey  £±  £l. ,  1965).  The 
Bessey  Nursery  has  had  a  history  of  damping-off  (Hunt,  1965)  and  nematode 
damage  (Peterson,  1962). 

Sail  .Treatments 

In  summer  1983,  six  treatment  plots  (3.2  m  x  15.2  m)  were  arranged  In  a 
randomized  block  design  parallel  with  nursery  beds.  After  Irrigation  to  field 
capacity,  three  plots  were  covered  with  0.02  mm  (1  1/2  mil)  thick  clear 
polyethylene  tarp  for  eight  weeks  for  solar  heating,  and  three  plots  were  left 
fallow  as  checks  (Figures  1-3).  Before  tarp  placement,  six  Peabody/Ryan  model 
J  thermographs  were  burled  to  monitor  range  and  duration  of  temperatures.  One 
thermograph  was  burled  at  8  cm,  one  at  15  cm,  and  one  at  30  cm,  several  feet 
apart,  near  the  center  of  one  check  and  one  solar  plot.  Check  plots  were 
periodically  lightly  cultivated  to  prevent  weed  cover  during  the  summer  1983. 

A  cover  crop  of  Piper  sudangrass  was  planted  In  all  plots  over  the  83-84  winter 
(Figure  4).  In  late  April  1984,  the  cover  crop  was  plowed  under  and  fumigation 
with  methyl  bromlde/chloroplcrln  accomplished  in  3  additional  plots  which  had 
been  under  cover  crop  continuously  since  June  1983. 

Soil.  Assays  for  Fungi,  Nematodes,  and  Weeds 

Soil  was  assayed  for  populations  of  species  of  Pythlum,  Fusarlufli*  and 
nematodes.  Each  sample  was  a  composite  of  ten  15  cm  soil  probe  cores.  Four 
samples  were  taken  In  each  treatment  plot.  Additional  deeper  samples  for 
nematodes  were  collected  with  a  sell  bucket  auger,  with  one  bucketful  (approxi¬ 
mately  1  liter)  per  sample  and  four  samples  per  treatment  plot. 

Assay  for  species  of  Pythlum  and  F.usfiJ\1.um  were  similar  to  procedures  used  by 
Johnson  and  Zak  (1977),  except  3  plates  of  selective  medium  were  used  per 
sample.  Soil  samples  for  nematode  counts  were  processed  using  a  wet-sieving, 
centrl fugatlon-sucrose-flotatlon  technique  (Goodey,  1963,  modified  by  Riffle, 
1983). 
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PLATE  I 


Figure  1 

Figure  2 

Figure  3 
Figure  4 


Roller  attachment  used  to  simultaneously  lay  tarp 
and  bury  the  edges  with  soil  at  the  Bessey  Nursery. 


Three  plots  (foreground)  covered  with  polyethylene 
tarp  for  solar  heating  at  the  Bessey  Nursery. 


Tractor  with  roller  laying  tarp  at  the  Bessey  Nursery. 


Piper  sudangrass  cover  crop  In  study  area  In  November 
1984.  Dark  green  lush  growth  coincides  with  locations 
of  solar-heated  plots. 


Soil  for  weed-seed  germlnatlorutests  was  collected  from  the  surface  to  a  depth 
of  2.5  cm  from  within  a  929  crrr  frame  for  each  sample*  with  four  samples 
taken  per  treatment  plot.  Each  weed  soil  sample  was  poured  Into  a  foil  pan* 
watered*  and  kept  In  a  Scherer  Environmental  Chamber  with  12  hours  light  at 
25  C  and  12  hours  dark  at  18°C.  After  two  weeks,  weed  seedlings  were 
cou nted. 

Soil  Chemical  Analyses 

Samples  for  soil  chemical  analyses  were  composites  of  nine  probe  cores  taken 
6  m  from  the  ends  of  one  solar  and  one  check  plot.  The  two  sample  locations 
were  less  than  4.6  m  apart*  on  either  side  of  an  Irrigation  line.  Samples  for 
soil  chemical  properties  were  processed  by  the  Colorado  State  University  (CSU) 
Soils  Testing  Lab.  Analyses  Included  particle  size  distribution,  bulk  density* 
organic  matter*  and  the  following  from  a  1:1  soil  and  water  extract:  pH, 
electrical  conductivity*  and  Ions  of  calcium,  magnesium,  potassium,  sodium, 
nitrate,  ammonium,  and  chloride. 

A  complete  series  of  the  above  soil  samples  for  pest  assays  and  for  chemical 
analyses  were  taken  before  tarp  placement  In  June  1983,  after  tarp  removal  In 
August  1983,  and  the  following  spring,  1984.  Samples  were  taken  from  nearly 
Identical  locations  for  each  of  the  sampling  times.  The  spring  1984  samples 
were  taken  at  the  end  of  May  and  an  additional  set  for  fungi  and  nematode 
assays  were  taken  In  June  1984  when  lodgepole  pine  seedlings  were  about  4  weeks 
old. 

Tree  Seedling  Survival 

A  crop  of  lodgepole  pine  was  sown  In  May  1984  to  evaluate  solar  heating 
treatment  effects  on  seedling  survival.  Five  subplots  (30  cm  along  the  bed  x 
76  cm  across  the  bed,  encompassing  4  rows)  were  monitored  In  each  of  the  nine 
treatment  plots  (3  check,  3  solar,  3  fumigated).  The  number  of  surviving 
seedlings  were  counted  beginning  May  25,  1984  (two  weeks  after  sowing)  and  then 
approximately  every  2  weeks  through  July  17.  A  final  count  was  made  on 
October  1,  1984. 

Data  Analyses 

Significant  differences  In  treatment  effects  between  solar  heated,  fumigated, 
and  check  plot  populations  of  species  of  Pythlum,  EuisarJjJin#  plant-parasitic 
nematodes  and  weeds  were  determined  by  two-way  analysis  of  variance  when 
homoscedasticity  could  be  achieved  by  data  transformation.  Otherwise,  the 
"test  for  equality  of  means  whose  variance  are  assumed  to  be  unequal"  (Sokal 
and  Rohlf,  1981)  was  used.  Significant  differences  In  tree  seedling  survival 
between  treatments  were  determined  by  single  classification  analysis  of 
variance. 
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RESULTS 


Sail  Temperature 

Figure  5  summarizes  the  weekly  averages  of  the  dally  high  temperatures  recorded 
by  the  six  thermographs  with  their  sensors  burled  at  8,  15,  and  30  gm  In  each 
of  one  check  and  one  solar  plot.  Temperatures  overall  averaged  6.5°C  hlghgr 
In  solar-heated  than  In  check  plots,  while  highest  temperatures  averaged  8°C 
higher  In  solar  than  In  check  plots.  The  temperature  record  at  8  cm  for  the 
last  two  weeks  In  the  solar  plot  was  lost.  Table  A1  In  the  appendix  presents 
weekly  average  high  temperatures  and  their  durations  recorded  by  the  six 
thermographs. 

Pvthlum  spp . 

Table  1  presents  means,  variances  and  the  results  of  the  test  of  equality  of 
means  for  populations  of  Pvthlum  spp.  In  check,  solar,  and  fumigated  plots. 
Initially,  the  population  levels  of  Pvthlum  spp.  were  different  between  check 
and  solar  plots  before  tarp  application  In  June  ’83.  By  August  *83,  the  solar 
heating  treatment  significantly  reduced  population  levels  In  solar  plots  while 
those  In  check  plots  remained  similar  to  June  ’83  levels.  By  the  following 
spring,  population  levels  of  Pythlum  spp.  had  returned  to  or  exceeded 
pretreatment  levels.  The  solar  heating  treatment  was  more  effective  than 
fumigation  when  comparing  samples  taken  Immediately  after  treatment. 

Table  1.  Means,  variances,  and  results  of  the  test  for  equality  of  means 
for  population  levels  of  Pythlum  spp.  In  propagules  per  gram  of 
oven-dried  soil. 


Pate 

Treatment 

Variance 

Mean 

# 

June  1983 

Check 

1891.85 

42.2 

cde 

Solar 

68.05 

7.3 

b 

August  1983 

Check 

285.96 

30.4 

cd 

Solar 

0.14 

0.3  a 

May  1984 

Check 

681.90 

49.9 

de 

Solar 

599.79 

54.8 

e 

Fumigated 

99.70 

11.4  b 

June  1984 

Check 

1424.57 

43.1 

cde 

Solar 

677.07 

59.1 

e 

Fumigated 

362.85 

26.8 

c 

Means  followed  by  the  same  letter  are  not  significantly  different  at 


P<0.05. 


5 


U2 

bO 

38 

36 

31* 

32 

30 

28- 

26  ■ 

2k- 

22  ■ 

5- 

5,  a 


8  cm  Solar 


15  cm  Solar 

8  cm  Check 

30  cm  Solar 

15  cm  Check 

30  cm  Check 


6/28  7/5  7/12  7/19  7/2 6  8/2  8/9 


8/16 


Last  Day  of  Week,  1983 


;ekly  average  high  temperatures  recorded  by  thermographs  buried 
i  30  cm  in  each  of  one  check  and  one  solar-heated  plot. 
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Fusarlum  spp. 


Results  of  two-way  analyses  of  variance  for  population  levels  of  f_us.axj.uin  spp. 
are  shown  In  Table  2.  In  the  analysis#  population  levels  (as  propagules  per 
gram  of  air-dried  soil  transformed  by  Y*  =  J  Y  +  3/8  ) are  compared  for  check 
and  solar  treatments  In  June  (before  treatment)  and  August  1983  (after 
treatment).  This  analysis  should  shew  the  strongest  solar  heating  effect.  If 
the  solar  heating  treatment  effect  were  significant#  population  changes  over 
time  In  the  solar  plots  would  differ  from  population  changes  over  time  in  the 
check  plots#  resulting  In  a  significant  interaction  (Green#  1979).  The 
analysis#  however#  only  shows  that  the  populations  of  Fusarlum  spp.  In  the 
solar  plots  were  consistently  different  from  (less  than)  those  In  check  plots. 
No  effect  of  solar  heating  Is  shown  statistically. 


Table  2.  Two-way  table  with  sub-group  means  and  results  of  two-way  analysis  of 
variance  for  population  levels  of  Fusarlum  spp.  In  check  and  solar 
treatment  plots  In  June  and  August  1983. 


Weans* 

Source  of 
Variation 

df 

MS  ... 

F 

Date 

Treatment 

June  1983 

August  1983 

Treatment 

1 

1593.49 

24.94*** 

Date 

1 

125.18 

1.96  ns 

Check 

20.1 

19.8 

Interaction 

1 

97.78 

1.56  ns 

Solar 

11.5 

5.4 

Within 

44 

63.87 

subgroups 

*Propagules  per  gran  cf  soil  transformed  by  Y*  =  V  Y  +  3/8 
***  significant  at  P<0.001;  ns  =  not  significant 


Table  3  presents  means  of  population  levels  of  Fusarlum  spp.  In  check#  solar- 
heated#  and  fumigated  plots  for  the  June  and  August  1983#  and  May  and  June  1984 
sampling  times.  Results  of  two-way  analyses  of  variance  for  population  levels 
of  EiLSJUjuin  spp.  In  check  and  solar  treatment  plots  In  August  1983  and  May  1984 
and  In  May  and  June  1984  are  given  In  Tables  A2  and  A3  in  the  Appendix. 
Population  levels  of  Fusarlum  spp.  dropped  considerably  over  the  winter  In 
check  plots#  while  remaining  at  relatively  unchanged  lower  levels  In  the  solar 
plots.  By  May  1984,  population  levels  of  Fusarlum  spp.  were  similar  In  check 
and  solar  plots#  and  population  levels  Increased  by  June  1984. 


Table  3.  Means*  of  population  levels  of  Fusarlum  spp.  In  check#  solar-heated 
and  fumigated  plots  In  June  and  August  1983#  and  May  and  June  1984. 


Treatment 

.  June.  1983  . 

August  1983 

Mav  1984 

June  1984 

Check 

20.1 

19.8 

10.0 

16.2 

Solar 

11.5 

5.4 

6.4 

10.2 

Fumigated 

• 

2.6 

6.4 

*  Propagules  per  gram  of  soil  transformed  by  Y  =  7  Y  +  3/8 


Table  A4  In  the  Appendix  presents  results  of  a  single  classification  analysis 
of  variance  for  population  levels  of  fAisaxJlHIl  spp.  In  June  1984#  In  check# 
solar-heated#  and  fumigated  plots.  The  analysis  Indicates  a  significant 
difference  between  the  three  treatments.  Crthogonal  comparisons  showed  that 
check  and  solar  treatments  were  similar#  and  solar  and  fumigated  treatments 
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were  similar  In  the  June  1984  samples.  The  test  for  equality  of  means  showed 
no  significant  difference  between  population  levels  of  Fusarlum  spp.  In  solar- 
heated  and  fumigated  plots  In  May  1984.  Fumigation  was  similar  In  effective¬ 
ness  to  sol  a  reheating  In  reducing  populations  of  JFMAft&iUte  spp* 

Plant-parasitic  Nematodes 

Populations  of  plant-parasitic  nematodes  were  estimated  by  countlrg  the  number 
extracted  from  250  ml  field  moist  soil.  Genera  encountered  Included,  In  order 
of  abundance:  T.r.lcho.d.ojus ,  IyJtarichvf*  lyJ^ncMr^jioh.u.s ,  Haltco.tyAejicliui, 
XlpAl.nema,  and  Pr.aty.Tejicluj^.  The  number  of  Individuals  of  Trichodorus  sp.  was 
greater  than  that  in  all  other  genera  combined.  The  population  levels  of  the 
other  plant-parasitic  nerriatode  genera  were  quite  low  (<2  worms  per  genus  in  250 
ml  soil)  throughout  the  study  area. 

Population  levels  of  plant-parasitic  nematode  genera  were  compared  using  the 
test  for  equality  of  means  whose  variances  are  unequal.  Table  6  shows  the 
significant  differences  (P<0.05)  In  means  for  populations  of  plant-parastic 
nematodes  In  check  and  solar  plots  In  June  1983  (before  treatment)  and  In 
August  1983  (after  treatment)  for  4  different  depths:  A  =  0-15  cm,  B  =  15-30 
cm,  C  =  30-42  cm,  and  D  =  43-56  cm. 


Table  6.  Variances  and  means  of  populations  of  plant-parasitic  nematodes 

per  250  ml  soil  In  June  and  August  1983  In  check  and  solar  heated 
plots  at  four  depths. 


June 

1983 

Auaust  1983 

Treatment 

Sample 

Depth* 

Variance 

Mear 

## 

Variance 

Mean** 

Check 

A 

42.42 

10.3 

de 

8.99 

3.1  abc 

B 

67.90 

4.4 

abed 

20.99 

2.1  abc 

C 

58.15 

3.8 

abc 

18.42 

1.7  abc 

D 

22.63 

2.9 

abc 

5.17 

1.6  ab 

Solar 

A 

120.57 

17.8 

e 

0.08 

0.1  a 

B 

28.93 

5.3 

bed 

0.08 

0.1  a 

C 

39.36 

5.9 

cd 

4.08 

0.6  a 

D 

110.08 

5.9 

abed 

5.42 

1.2  a 

*  Soil  sample  depth:  A  =  0-15  cm,  B  «■  15-30  cm,  C  =  30-43  cm,  D  =  43-56  cm. 
**  Means  followed  by  the  same  letter  are  not  significantly  different  at  P<0.05 
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In  check  plots,  population  levels  of  plant-parasitic  nematodes  declined 
significantly  between  June  and  August  1983,  but  only  In  the  A  (0-15  cm)  depth 
samples.  In  solar  plots,  population  levels  of  plant-parasitic  nematodes 
dropped  significantly  to  a  depth  of  43  cm.  Because  of  the  overall  low 
population  levels,  high  variability,  and  Irregular  distribution,  there  are  no 
adequate  statistical  tests  for  these  data,  and  no  significant  differences  were 
shown  statistically  between  check  and  solar  heated  plots  In  August  1983. 

Table  7  presents  means  for  populations  of  plant-parasitic  nematodes  In  May  and 
July,  1984,  In  check,  solar,  and  fumigated  plots  at  A  =  0-15  cm  and  B  =  15-30 
cm  depths.  Fumigated  plots  had  been  covered  with  sudangrass  the  entire  summer 
and  winter  from  June  1983  through  April  1984.  Essentially  all  of  the  nematodes 
encountered  in  1984  were  Trlchodorus  sp.  Other  than  In  the  May  fumigated 
samples,  population  levels  of  plant-parasitic  nematodes  were  very  low  and  not 
significantly  different  In  all  other  plots  In  spring  and  summer  1984,  after 
planting  with  lodgepole  pine. 


Table  7.  Variances  and  means  of  populations  of  plant-parasitic  nematodes  per 
250  ml  soil  In  May  and  July  1984  In  check,  solar,  and  fumigated  plots 
at  A  =  0-15  cm  and  B  =  15-30  cm  depths. 


Treatment 

Sample 

Depth 

Mav.  1984 

Julv  1984 

Variance 

Mean* 

Variance 

Mean 

Check 

A 

0.64 

0.1 

a 

0.15 

0.2  a 

B 

0 

0 

a 

0.15 

0.2  a 

Solar 

A 

4.75 

1.3 

ab 

0 

0  a 

B 

0.15 

0.2 

a 

2.08 

0.6  a 

Fumigated 

A 

17.17 

3.4 

b 

0 

0  a 

B 

1869.17 

32.9 

c 

0.39 

0.3  a 

*  Means  followed  by  the  same  letter  are  not  significantly  different  at 
P<0.05 . 


Weeds 

A  variety  of  weeds  occurred  In  the  treatment  area  Including  volunteer  sudan¬ 
grass  and  chokecherry  (Prunus  yjrfljjnJ&Pfi  L.)  from  a  previous  crop.  The  weeds 
Included  clover  (Trlfol  lum  sp.),  carpetweed  (MalJiiflC  .y.ertJcJJJp.tP  L.)» 
shepherd’s  purse  (Cj&iis&Llii  J>nrs5rpfis.to.r.1s  L.),  downy  brome  (Bjwaip  .tsctorum  L.) 
and  Med Icago  spp. 

Weed  populations  were  compared  using  the  test  for  equality  of  means  whose 
variances  are  unequal.  Table  8  shows  differences  between  weed  populations 
(number  per  929  cm  ;  for  June  1983,  August  1983,  and  May  1984  check  and 
solar  samples,  and  May  1984  fumigated  samples.  By  August  1983,  solar  heating 
was  more  effective  In  weed  control  than  the  periodic  light  cultivation 
performed  In  the  check  plots.  By  May  1984,  weeds  had  returned  to  pretreatment 
levels  In  check  and  solar  plots.  In  samples  taken  soon  after  treatment,  solar 
heating  was  as  effective  as  fumigation  for  weed  control  In  the  upper  2.5  cm  of 
soil . 
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Table  8.  Variances  and  means  for  weed  populations  (number  per  929  cm  )  In 
check  and  solar  plots  In  June  1983,  August  1983,  and  May  1984,  and 
In  fumigated  plots  In  May  1984. 


Date 

Treatment 

Variance 

Mean* 

June  1983 

Check 

95.09 

5.0  b 

Solar 

0.45 

0.4  b 

August  1983 

Check 

139.90 

9.9  c 

Solar 

0 

0  a 

May  1984 

Check 

60.57 

4.3  b 

Solar 

0.24 

0.3  b 

Fumigated 

0 

0  a 

*  Means  followed  by  the  same  letter  are  not 
significantly  different  at  P<0.05. 


Chsmlcfl]- Analysis 

Tables  9  and  10  present  the  results  of  the  soil  chemical  analyses  for  samples 
taken  from  one  check  and  one  solar  plot.  If  one  looked  only  at  the  differences 
between  the  check  and  solar  plot  results  for  August  (after  treatment) » 

Increases  would  be  evident  In  calcium  (Ca),  magnesium  (Mg),  sodium  (Na), 
potassium  (K),  chloride  (Cl),  ammonium  nitrogen  (NH.-N),  nitrate  nitrogen 
(NO^-N),  pH,  electrical  conductivity,  and  silt.  Decreases  would  be  evident 
in  bulk  density,  organic  matter,  soil  and  clay.  However,  considering  the  June 
pretreatment  values,  seasonal  effects  were  greater  than  any  apparent  solar 
heating  effects,  except  perhaps  for  Ca  and  NH4~N. 
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Table  9.  Results  of  soil  chanical  analyses  for  sar.ples  taken  in  one  solar  and  one  check  plot  in  June  (J)» 

befon?  irmtmerrt,  August  (A)  after  tarps  were  revoved*  and  the  following  May  (M).  Ions*  pH  and 

electrical  conductivity  were  measured  in  soil  ©dr act  (1:1  soil  to  water  for  sandy  soil). 


Sanple 

Ca  rrg/£ 

Mg  mg/ 5, 

Na  rrg/£ 

K  mg/£ 

Cl  mg/£ 

J 

A  M 

JAM 

JAM 

J  A 

M 

JAM 

Check 

7.7 

12  51 

1.8  3  12 

2.0  3  - 

5.4  8 

6 

6  4  6 

Solar 

8.6 

26  47 

2.4  4  11 

2.4  5  - 

7.3  11 

6 

5  5  4 

Sanple 

NH4-N  ng /£ 

NQ^-N  rig/ 

£ 

PH 

Electrical 

Conductivity 

xlCT 

Total  Organic 
Matter 

J 

A 

M 

J  A 

M 

J 

A 

M 

JAM 

J  A 

M 

Check 

0.4 

0.6 

6 

1.9  7 

8 

5.7 

5.3 

5.5 

0.1  0.1  0.5 

1.4  1.0 

1.0 

Solar 

0.7 

2.4 

3 

3.5  12 

6 

5.7 

5.8 

5.2 

0.1  0.2  0.4 

1.4  1.0 

1.0 

Table  10.  Results  of  soil  physical  analyses  for  sanples  taken  in  one  solar  and  one  check  plot  in  June  ( J) # 
before  treatment*  August  (A)  after  tarps  were  removed*  and  the  following  May  (M). 


Sample 

%  Sand 

%  Silt 

%  Clay 

Texture 

Bulk  3 

Density  g/ari 

J 

A 

M 

J 

A 

M 

J 

A 

M 

J 

A 

M 

J 

A 

Check 

86 

88 

86 

11 

9 

9 

3 

3 

5 

LS 

S 

LS 

1.55 

1.69 

1.6 

Solar 

86 

86 

86 

10 

12 

8 

4 

2 

6 

LS 

is/s 

LS 

1.63 

1.46 

1.6 
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Tree  Seedling  Survival 


Over  all  plots  and  treatments*  rrost  of  the  lodgepole  pine  mortality  occurred  at 
the  beginning  of  the  growing  season.  Seedlings  continued  to  die  at  a  slow  rate 
through  October  1984. ~  On  the  average*  fumigated  plots  yielded  21.3 
seed! 1ngs/fv  (929  crri  ),,check  plots  14.3  seed! Ing/ft  ,  and  solar  heated 
plots  12.4  seedl 1 ngs/ft^.  Due  to  the  high  variability  within  treatments, 
analysis  of  variance  Indicated  no  significant  effects  on  seedling  survive! 
between  any  of  the  treatments.  Table  11  presents  means  and  results  of  analysis 
of  variance  for  check*  solar*  and  fumigated  treatments  for  lodgepole  pine 
seedlings  In  October  1984.  Table  A52in  the  Appendix  presents  the  average 
number  of  surviving  seedlings  per  ft^  by  plot  at  3  counting  times.  By 
October  1*  1984*  losses  In  solar-heated  plots  were  31$*  In  check  plots  27%, 
and  In  fumigated  plots  17%  of  the  number  of  live  seedlings  on  May  25. 

Table  11.  Means  and  results  of  analysis  of  variance  for  the  surviving 

lodgepole  pine  seedlings  in  check,  solar  heated,  and  fumigated 
plots  In  October  1984. 


Treatment. 

Means* 

Source  of  Variation 

rif 

MS 

F 

Check 

14.3 

Treatment  Effects 

2 

65.57 

2-84  ns 

Solar 

Fumigated 

12.4 

21.3 

Within  Groups 

6 

23.07 

2 

♦seedlings  per  square  foot  (929  cm  ) 
ns  =  not  significant 


DISCUSSION  AND  SUMMARY 


Populations  of  Sollborne  Pests. 

Populations  of  Pythium  spp.  were  significantly  reduced  by  the  solar  heating 
treatment*  but  levels  returned  to  pretreatment  levels  by  the  following 
spr1ng*probably  due  to  the  effects  of  the  sudangrass  cover  crop.  Fumigation 
was  less  effective  than  solar  heating  In  controlling  Pythium  spp.  In  samples 
taken  Immediately  after  treatment.  Reductions  In  populations  of  Fusarlum  spp. 
due  to  solar  heating  were  not  statistically  significant,  and  reductions  due  to 
fumigation  were  similar  to  those  due  to  solar  heating. 

Population  levels  of  plant-parasitic  nematode  genera  were  fairly  low  throughout 
the  study,  and  reductions  due  to  solar  heating  were  combined  with  reductions 
due  to  the  bareground  conditions.  Fumigation  was  less  effective  than  solar 
heating  In  controlling  nematodes*  but  fumigated  plots  were  under  cover  crop 
much  longer  than  were  the  check  and  solar  plots.  The  continuous  vegetation 
cover  may  account  for  the  higher  levels  of  plant-parasitic  nematode  genera  even 
Immediately  after  fumigation.  Trichodorus  sp.  apparently  thrived  on  the 
sudangrass*  but  not  on  the  lodgepole  pine*  because  the  high  levels  of 
Trichodorus  In  the  fumigated  plots  In  May  1984  declined  sharply  by  July  1984. 

A  probable  reason  for  the  mediocre  results  of  fumigation  was  too  little  time 
between  the  plowing  under  of  the  cover  crop  and  fumigation.  A  two  to  three 
week  fallow  period  between  cover  crop  plowing  under  and  soil  treatment  would 
maximize  the  effectiveness  of  any  soil  treatment  for  pest  reduction. 
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Population  levels  of  weeds  In  the  upper  2.5  cm  of  soil  were  significantly 
reduced  by  solar  heating#  but  populations  returned  to  pretreatment  levels  by 
the  following  spring.  In  samples  taken  Immediately  after  treatment,  solar 
heating  was  as  effective  as  fumigation  for  weed  control. 

Soil  Chemistry 

Although  the  Soils  Testing  Lab  was  given  the  same  Instructions  each  time  the 
pair  of  soil  samples  (from  the  one  solar  and  one  check  plot)  was  submitted, 
considerable  variation  In  results  were  obtained  as  Illustrated  In  Tables  9  and 
10.  Although  some  variation  In  Ions  could  be  expected,  particle  size 
distribution  should  remain  constant.  The  fluctuating  values  for  particle  size 
distribution  Indicate  that  any  real  differences  due  to  solar  heating  could  be 
obscured  by  the  variation  In  results.  It  Is  doubtful  that  solar  heating 
affected  the  chemistry  of  the  soil  solution.  Seasonal  effects  were  greater 
than  any  apparent  solar  heating  effects  except  perhaps  for  calcium  and 
NH^-nltrogen.  However,  all  changes  may  be  artifacts  due  to  the  variability 
In  the  lab  results. 

These  results  underscore  the  danger  of  taking  only  post-treatment  samples. 
Because  a  statistical  sample  Is  not  taken  for  soil  chemical  analysis,  more  than 
one  set  of  samples  (e.g.  pre-treatment  and  post-treatment  for  both  check  and 
treatment)  should  be  taken.  Seasonal  variation  may  exceed  any  apparent  change 
due  to  treatment,  or  the  soil  In  the  sampling  areas  may  have  differed  before 
treatment. 

Growth  Response 

Lodgepole  pine  seedlings  planted  In  the  study  area  the  following  spring  showed 
no  beneficial  effects  due  to  solar  heating.  The  winter  cover  crop,  however,  was 
darker  green  and  more  lush  In  the  solar  heated  plots  compared  with  that  In  the 
surrounding  check  area  (Figure  4),  In  November  1983.  Some  benefit  In  growth 
response  may  have  been  wasted  on  the  cover  crop. 

Solar  Heating  in  Practice 

Both  fumigation  and  solar  heating  require  the  use  of  tractor,  personnel,  tarps, 
and  rollers;  however,  with  solar  heating  the  safety  hazards  and  cost  of 
handling  the  toxic  fumigant  are  eliminated.  The  cost-savings  on  the  price  of 
the  fumigant  Is  conservatively  estimated  at  $350  per  acre  (Hlnz,  1984).  A 
disadvantage  of  solar  heating  Is  that  the  area  being  treated  must  be  out  of 
production  for  6  to  8  weeks  during  the  summer  preceedlng  planting. 

Fall-planted  crops  would  benefit  the  most  from  the  control  of  weeds,  nematodes, 
and  some  soil  fungi  by  solar  heating.  Even  partial  reduction  In  the  annual 
cost  of  labor  and  herbicides  for  weeding  ($340  per  acre  In  addition  to 
fumigation,  Dlnkel,  1985),  makes  the  solar  heating  technique  attractive.  Solar 
heating  effects  on  seedling  survival  In  a  fall-planted  crop  should  be 
Investigated  In  the  Rocky  Mountain  Region. 
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A1 


APPENDIX 


Soil  Temperature 

Table  A1  presents  the  weekly  averages  of  the  dally  high  temperatures  and  the 
duration  In  hours  that  the  temperature  was  within  1°C  of  the  dally  high 
recorded  by  the  six  thermographs  burled  at  8#  15#  and  30  cm  depths  in  one  check 
and  one  solar  plot.  The  temperature  achieved  at  8  cm  In  the  solar  plot 
exceeded  46  C  (the  limit  of  the  thermograph's  recording  capability)  several 
times.  At  these  times#  the  temperature  remained  above  45c  for  two  to  six 
hours  duration.  The  average  duration  at  this  temperature  was  4.1  hours.  While 
the  temperature  was  off-scale  (46+°C)  on  8/2/83#  the  chart  tore  and  the 
subsequent  record  was  lost. 

Analyses  of.  Variance  for  Population  Levels  of  FUSARUJM 

Results  of  two-way  analyses  of  variance  for  population  levels  of  fji^AnluiTL  spp. 
are  presented  In  Tables  A2  and  A3.  In  each  analysis#  populatleH-Ievels  (as 
propagules  per  gram  of  air-dried  soil  transformed  by  Y*  =  /Y  +  3/8)  are 
compared  as  check  and  solar  treatments  by  early  and  later  sampling  dates. 

In  Table  A2#  the  early  date  Is  August  1983  (Immediately  after  treatment)  while 
the  later  date  Is  May  1984  (the  spring  after  treatment).  The  analysis  shows  a 
significant  Interaction  between  effects  of  treatment  and  date  because 
population  levels  of  Fusarlum  spp.  dropped  considerably  over  the  winter  in 
check  plots#  while  remaining  at  relatively  unchanged  lower  levels  In  the  solar 
plots. 
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Table  Al.  Highest  tanperatune  achieved  weekly  averages  cf  daily  high  tfrpera  tunes,  and  the 
duration  in  hours  that  the  ta.pcratune  was  within  cf  the  daily  high  recorded  by 
thermographs  buried  at  8,  15,  and  ?P  at  depths  in  one  check  and  one  solar  plot  at 
Bessey  llirsery,  1.983. 


Last  Pay 
of  \7oek 
1983 

Tticrr.ocreph 
and  Hi chest 
Tap.(°C) 

Ave.  Daily 
High  (°C) 

Ave.  Duration 
(Hours)  at 
High  Temp. 

Thermccraph 
and  Highest 
Temp.  (°C) 

Ave.  Daily 
High  (°C  ) 

Ave. Du rati on 
(Hours)  at 
High  Tarp. 

6/28 

35.0 

3.6 

27.9 

6.0 

7/5 

Solar  8cnr: 

37.6 

3.2 

Chock  8cm 

29.7 

3.8 

7/12 

46  + 

39.1 

3.1 

36 

31.2 

3.5 

7/19 

41.5 

2.9 

29.7 

5.1 

7/26 

42.5 

4.0 

31.9 

3.6 

P/2 

42.1 

2.9 

30.4 

4.1 

8/9 

- 

- 

33.5 

3.6 

8/16 

- 

- 

33.8 

3.3 

6/28 

31.8 

4.4 

25.5 

5.4 

7/5 

Solar  15on 

34.1 

4.4 

Check  15cm 

25.7 

6.5 

7/12 

44 

37.6 

4.4 

32.4 

26.5 

6.4 

7/19 

37.7 

5.1 

27.2 

6.1 

7/26 

39.0 

4.5 

28.3 

5.6 

8/2 

37.6 

4.3 

26.9 

6.6 

8/9 

On  o 

4.8 

29.2 

7.4 

C/16 

36.6 

4.8 

30.1 

7.2 

6/28 

27.5 

9.2 

22.7 

9.3 

7/5 

Solar  tra.i 

27.3 

10.7 

Check  30cm 

22.4 

7.8 

7/12 

35.9 

29.8 

10.5 

78.0 

74.2 

7.8 

7/19 

3C.9 

11.1 

74.3 

7.6 

7/26 

32.5 

8.7 

25.1 

11.8 

P/2 

31.2 

10.8 

24.4 

17.0 

8/9 

34.8 

8.7 

27.0 

11.9 

8/16 

32.5 

10.6 

27.4 

12.7 
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A3 


Table  A2.  Two-way  table  of  sub-group  means  and  results  of  two-way  analysis  of 
variance  for  population  levels  (as  propagules  per  gram  of  soil 
transformed  by  Y*  =  n/  Y  +  3/8  )  of  Fusarlum  spp.  In  check  and  solar 
treatment  plots  In  August  1983  and  May  1984. 


Means  1/ 

Source  of 

variation  df  MS  F 

Treatment 

Date 

.  Au.g.  1983   May.  .  1984 

Treatment  1  971.19  13.46*** 

Date  1  233,82  3.24  ns 

Interaction  1  351.32  4.87  * 

Within  44  72.17 

subgroups 

Check 

Solar 

19.8  10.0 

5.4  6.4 

1/  Propagules  per  gram  of  soil  transformed  by  Y*  =  J  Y"+  3/8 

ns  =  not  significant;  *  significant  at  P<0.05;  ***  significant  at  P<0.001 


In  Table  A3,  the  early  date  Is  May,  1984,  while  the  later  date  Is  June,  1984, 
four  weeks  later.  This  analysis  Indicates  that  the  population  levels  of  Fusarlum 
spp.  were  similar  In  check  and  solar  plots  and  that  population  levels  were 
different  (greater)  In  June  compared  to  May. 

Table  A3.  Two-way  table  of  sub-group  means  and  results  of  two-way  analysis  of 
variance  for  population  levels  of  spp.  In  check  and 

solar  treatment  plots  In  May  and  June  1984. 


Means  1/ 

Source  of 

variation  df  MS  F 

T  reatment 

Date 

.  May  1984  June  1984 

Treatment  1  273.09  3.81  ns 

Date  1  304.53  4.25  * 

Interaction  1  16.85  0.24  ns 

Within  44 

subgroups 

Check 

Solar 

10.0  16.2 

6.4  10.2 

1/  Propagules  per  gram  of  soil  transformed  by  Y’  =  V  Y  +  3/8 
ns  =  not  significant;  *  significant  at  P<0.05 


Table  A4  presents  results  of  single  classification  analysis  of  variance  comparing 
population  levels  of  Fusarlum  spp.  between  check,  solar,  and  fumigated  plots.  In 
June  1984,  when  lodgepole  pine  seedlings  were  about  four  weeks  old.  The  analysis 
Indicates  a  significant  difference  between  the  three  treatments.  Orthogonal 
comparisons  showed  no  significant  difference  between  check  and  solar  treatments, 
nor  between  solar  and  fumigation  treatments. 
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A4 


Table  A4.  Means  and  analysis  of  variance  for  population  levels  of  EjisaxJum  spp.  . 
In  June  1984,  between  check,  solar,  and  fumigated  treatments. 


Treatment 

Means  1/ 

Source  of  Variation 

df 

MS 

F 

Check 

16.2 

Treatment  Effects 

2 

292.45 

4.67  * 

Solar 

Fumigated 

10.2 

6.4 

Within  Groups 

33 

62.74 

1/  Propagules  per  gram  of  soil  transformed  by  Y*  =  V  Y  +  3/8 
*  significant  at  P<0.05 


Tree  Seedling  Survival 

Table  presents  the  average  number  of  surviving  lodgepole  pine  seedlings 
(per  ftz)  In  5  subplots  per  plot,  by  treatment  plot  at  three  times  during  the 
1984  season.  Treatment  plots  are  three  solar-heated,  three  check,  and  three 
fumigated.  The  three  counting  tirres  given  are  May  25  (2  weeks  after  seeding), 
July  3  (7  weeks),  and  October  1,  1984  (end  of  growing  season).  The  Initial 
variability  (May  25)  was  due  partially  to  differential  pre-emergence  damping-off 
and  partially  to  Irregular  seeding  densities. 

2 

Table  A5.  Average  surviving  seedlings  per  ft  in  5  subplots  by  treatment  plot 

at  2  weeks  after  seeding  (May  25),  7  weeks  after  seeding  (July  3),  and 
at  the  end  of  the  growing  season  (October  1,  1984). 


T  reatment 

May  25 

July  3 

October  1 

Final  Average 

Solar  1 

10.3 

7.5 

5.9 

2 

23.6 

18.3 

17.1 

12.4 

3 

19.5 

17.0 

14.1 

Check  1 

26.1 

23.2 

18.6 

2 

16.8 

13.4 

10.3 

14.3 

3 

16.1 

17.0 

14.1 

Fumigated  1 

31.1 

23.5 

19.1 

2 

31.4 

26.5 

26.2 

21.3 

3 

19.0 

18. .9 

18-5 
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